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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte 
secondary battery, in which deposition of metal lithium to a negative 
electrode at the time of charge^|s restricted and which has good charging 
and discharging cycle j characteristic. 

SOLUTION: This battery is provided with a positive electrode active 
material layer, which is mainly composed of Li-transition metal double oxide 
and which has continuous cavities, a negative electrode active material 
layer, which is mainly composed of graphite and which has continuous . 
cavities, and a nonaqueous electrolyte, which is an organic solvent solution 
of lithium salt and which is filled in both the cavities. In this case, porosity of 
the positive electrode active material layer is set at 20-29 vol.%, and the 
porosity of the negative electrode active material layer is set at 30-45 vol.%. 
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* notices * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation . 



1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The positive -active -material layer which has the opening which made Li -transition- metals multiple oxide the principal 
component, and continued. The negative-electrode active material layer which has the opening which made the graphite the principal 
component and continued. Nonaqueous electrolyte with which is an organic-solvent solution of lithium salt and both the aforementioned 
openings are filled up. It is the nonaqueous electrolyte rechargeable battery equipped with the above, and the voidage of the 
aforementioned positive-active- material layer is 20 - 29vol%, and it is characterized by the voidage of the aforementioned negative- 
electrode active material layer being 30 - 45vol%. 

[Claim 2] In the manufacture method of the electrode board used for a nonaqueous electrolyte rechargeable battery according to claim 1 It 
applies to a positive-electrode charge collector sheet so that a solvent may be made to suspend a positive active material, it may be made 
the shape of a paste and the voidage after an application and dryness may become 60 - 70vol%. After drying, roll out and voidage of a 
positive-active-material layer is made into 20 - 29vol%. The manufacture method of the electrode board characterized by rolling out and 
making voidage of a negative-electrode active material layer into 30 - 45vol% after applying and drying on a negative-electrode charge 
collector sheet so that a solvent may be made to suspend a negative-electrode active material, it may be made the shape of a paste and the 
voidage after an application and dryness may become 50 - 65vol%. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of the electrode board used for 

nonaqueous electrolyte rechargeable batteries, such as a lithium secondary battery, and this. 

[0002] 

[Description of the Prior Art] In recent years, portable-izing of consumer electronics and cordless-ization are progressing quickly. Small 
[ which bears the power supply for a drive along with this ], and the requests to the rechargeable battery which is lightweight and has high- 
energy density are mounting. The expectation of the nonaqueous electrolyte rechargeable battery from such a viewpoint, especially a 
lithium secondary battery is great as a rechargeable battery which especially has a high voltage and high-energy density, and development 
is hurried. 

[0003] Manganese dioxide, a vanadium pentoxide, 2 titanium sulfides, etc. were used for the positive active material of the conventional 
lithium secondary battery. The lithium secondary battery consisted of a positive electrode using these positive active materials, a negative 
electrode using Metal Li, and the organic electrolytic solution. However, in the rechargeable battery which used Metal Li for the negative 
electrode, there is a problem of the metal Li which de posits on a n egative electrode at th e time of charge growing in the shape of a dendrite, 
and breaking through separator, arfd'causing an internal short circuit between positive electrodes, or causing sicle feactibn'between the — - 
electrolytic solutions, since growth of the dendrite of the aforementioned metal Li will grow more greatly if it charges with big current, and 
if charge and discharge are repeated, high-speed charge is difficult for it ~ it carries out and a charge-and-discharge cycle life is short - 
carrying out -- the further aforementioned interior -- simplistic it has also been a serious obstacle to utilization that there is danger, such 
as to result in more intense generation of heat and a more intense liquid spill 

[0004] LiCo02 which can emit Li ion in reversible as a positive electrode using the negative-electrode active material which recently 
makes a principal component the carbon material of the graphite system which can intercalate Li in reversible, not using Metal Li as a 
negative electrode etc. ~ the lithium secondary battery using the positive active material which makes Li-transiti on-metal s multiple oxide a 
principal component is proposed as what aims at solution of the above-mentioned problem 
[0005] 

[Problem(s) to be Solved by the Invention] However, also in the lithium secondary battery which used the above-mentioned Li-transition- 
metals multiple oxide for the positive active material, and used the carbon material of a graphite system for the negative-electrode active 

material, it became clear that it is not necessarily enough to suppress a d e posit of the metal Li to the ne gative-elect rode top at the time of 

charge,andihat.the acquired charge-and-di schargej^ycle prop^rty^of aJithium.secondajyJbajrtej^MS^ greatjy_depe ndent on the manufacture 
conditions of a positive-electrode board and a negative-electrode board as a result of examination by this invention person. 
[0006] this invention aims at offering the manufacture method of the electrode board whi nh suppr esses a deposit of the metal Li to the 
negative electrode at the time of charge, an d is used for a nonaqueous electrolyte rechargeable battery and this with a sufficient charge-and- 
discharge cycle property in view ot the a bo ve- mentioned problem. 
[0007] 

[Means for Solving the Problem] The positive -active-material layer which has the opening which made Li -transition-metals multiple oxide 
the principal component, and continued in order that this invention may attain the above-mentioned purpose, In the nonaqueous electrolyte 
rechargeable battery equipped with the negative-electrode active material layer which has the opening which made the graphite the 
principal component and continued, and the nonaqueous electrolyte with which are an organic- solvent solution of lithium salt and both the 
aforementioned openings are filled up The voidage of the aforementioned positive-active -material layer is 20 - 29vol%, and it is 
characterized by the voidage of the aforementioned negative-electrode active material layer being 30 - 45vol%. 

[0008] Since according to the nonaqueous electrolyte rechargeable battery of this invention it constitutes so that the voidage of a negative- 
electrode active material layer may become larger than that of a positive active material, the rate of volume of the electrolytic solution in a 
negative-electrode active material layer becomes larger than it in a positive active material, a nd Li mobU itvof ion in a ne gati ve-el ectrode 
active material layer becomes large from ijtj, na positiv e-acti ve-material laye r. Therefore, since Li ion supplied into 'trie electrolytic solut ion 
from a posifae-electrode. side^irto ^ the time of charge is in tercalated i n a negative-electrode~ ~ 

a ctive material smoothly [ it is reasonabte anc H. it can stop that Metal Li deposits on the par\'^f'a'ne^Eiv e"'eiectrocfe. Xrla as shown in 
drawing 2 and drawing 4 . the range voidage oi a positive-active- material layer is ill 1 - 2yvoV/o, andTKe Voulage of a negative- 
electrode active material layer is kept proper between a positive electrode and a negative electrode in the range of 30 - 45vol%, and the 
balance of each amount of active materials and the size relation of Li mobility of ion in each active material layer can obtain a nonaqueous 
electrolyte rechargeable battery with a sufficient charge-and-discharge cycle property. 

[0009] Since the filling factor of a positive active material will become small if the voidage of a positive- active- material layer exceeds 
29vol(s)% preferably since the internal resistance at the time of electric discharge increases as a result of the rate of volume of the 
electrolytic solution in a positive-active -material layer becoming small and Li mobility of ion in a positive-active-material layer falling, if 
the voidage of a positive-active-material layer is not filled to 20vol(s)%, and the cell capacity per unit volume falls, it is not desirable. 
Moreover, if the voidage of a negative-electrode active material layer is not filled t o£^ol(s) Q / o, the^a te of volume of the electrolytic 
solution in a negative-electrode active materi in ayerwi 1 l*becoTne*srriall . If the voiHage of a negati ve-^e^tr^e"£Ctive"rnateTia^ 
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f3$TOj^% Tfteicra b ot a n egativ e electrode and to grow up in the shape of a dendri t^as a res ult 

^*of tfie^fal 1 of Li moFilityoTion in anegati ve-electrode active m aterial'layer Since thT "fillir ^ 

"^becomes small7the electric e lectriFconductivit y'in a negati ve -electrode active rn ajejjaOalls.an^^ i s 

Tiofdesifable. 

^[0010] In Hie manufacture method of the electrode board used for the aforementioned nonaqueous electrolyte rechargeable battery, a 
solvent is made to suspend a positive active material and it is made the shape of a paste. An application, It applies to a positive-electrode 
charge collector sheet so that the voidage after dryness may become 60 - 70vol%. After drying, roll out and voidage of a positive-active- 
material layer is made into 20 - 29vol%. If it rolls out and voidage of a negative-electrode active material layer is made into 30 - 45vol% 
after applying and drying on a negative-electrode charge collector sheet so that a solvent may be made to suspend a negative-electrode 
active material, it may be made the shape of a paste and the voidage after an application and dryness may become 50 - 65vol% As an 
application, dryness, and rolling can be manufactured reasonable with a long sheet convenient for the consistent automation and the 
electrode board used for the aforementioned nonaqueous electrolyte rechargeable battery is shown in drawing 3 and drawing 5 The range of 
the voidage after the application of a positive active material and dryness is 60 - 70vol%, and the voidage after the application of a 
negative- electrode active material and dryness can obtain a nonaqueous electrolyte rechargeable battery with a sufficient charge-and- 
discharge cycle property in the range of 50 - 65vol%. 

[001 1] If the voidage after the application of a positive active material and dryness is not filled to 60vol(s)%, the subsequent rate of rolling 
will become small If the voidage after the application of a positive active material and dryness exceeds 70vol(s)% preferably since the 
internal resistance at the time of electric discharge increases as a result of the electric contact degree of a positive active material and a 
positive-electrode board decreasing and the electric conductivity in a positive-active- material layer falling It is not desirable, in order that a 
big cavity may be generated unevenly and the distribution nonuniformity of a positive active material may remain also with subsequent 
rolling into a positive-active-material layer. Moreover, if the voidage after the application of a negative-electrode active material and 
dryness is not filled to 50vol(s)% Since the subsequent rate of rolling becomes small, the electric contact degree of a negative-electrode 
active material and a negative-electrode board decreases and the electric conductivity in a negative-electrode active material layer falls, if 
the voidage after the application of a negative-electrode active material and dryness exceeds 65vol(s)% preferably As a result of the 
subsequent rate of rolling becoming large, the BESARU side of the graphite of the principal component of a negative-electrode active 
material carrying out orientation in parallel with a negative-electrode plate surface and Li mobility of ion in a negative-electrode active 
material layer falling, since Metal Li deposits on the part of a negative electrode at the time of charge, it is not desirable. 
[0012] 

[Embodiments of the Invention] The operation gestalt of this invention is explained below based on a drawing. 

[0013] 1 operation gestalt of the nonaqueous electrolyte rechargeable battery of this invention is a cylindrical lithium secondary battery as 
shown in drawing 1 , and consists of a group of electrode, the electrolytic solution, and a cell case where these are held. 
[0014] A group of electrode consists of the separator 5, the positive-electrode lead 2, the negative-electrode lead 4, the up electric 
insulating plate 6, and the lower electric insulating plate 7 of the shape of a sheet which insulates between the sheet-like positive-electrode 
board 1, the sheet-like negative-electrode board 3, and the positive-electrode board 1 and the negative-electrode board 3. The positive- 
electrode board 1 carries out application formation so that the voidage may become 20 - 29vol% about a positive- active-material layer at 
both sides of an aluminum foil. The negative-electrode board 3 carries out application formation so that the voidage may become 30 - 
45vol% about a negative-electrode active material layer at both sides of copper foil. These positive-electrodes board 1 and the negative- 
electrode board 3 pile up through the separator 5 made from a porosity polypropylene film, are wound in the shape of a whorl, and are just 
held in the cylindrical cell case. 

[0015] The electrolytic solution becomes the isochore product mixe d sol vent of an ethylene carbonate and a prop ylene carbonate from the 
nonaqueous electrolyte which dissolve d the li thium perchlorate nffhe concentration of 1 mol7liter. This nonaqueous etecrroiyteTs held in a 
cell case, and it fills up with it also into the opening i6TloweaTn"flTepositive- active- material layer and the negative-electrode active material 
layer, and it bears movement of Li ion between the positive-electrode board 1 which lets the micropore of the porosity separator 5 pass, and 
the negative-electrode board 3 in a cell reaction. 

[0016] A cell case consists of an insulating gasket 9 which insulates and carries out the gas seal of between the case main parts 8 used as 
the case main part 8 which carried out deep-drawing fabrication and obtained the stainless steel plate of organic-proof electrolytic- solution 
nature, the obturation board 10 which formed the relief valve 1 1, the obturation board 10 used as a positive-electrode external terminal, and 
a negative-electrode external terminal. 

[0017] 1 operation gestalt of the manufacture method of the electrode board used for the nonaqueous electrolyte rechargeable battery of the 
aforementioned this invention is explained below. 

[0018] As shown in Table 1, the positive-electrode board 1 controlled manufacture conditions variously, and obtained 1 1 kinds of things of to 
positive-electrode board sample A-L to which the voidage after the voidag e of an activ e material layer and the application of an active ^ ^ ^ 
material, and dryness was changed. Specifically, it isf Lf2~C<D3 fi^tT'Co^03TTCo02^ hich carried out lOhr baking and which was W,&»^&w>A 
obtained at 900 degrees C after mixing Powder 90wt%7acetylene black 3wt%, and fluororesin system binder 7wt% were mixed, mixture fOtjL 
was obtained, subsequently to carboxyl methyl -cellulose lwt% solution this mixture was made to suspend, and the positive-active -material J< 
paste of various concentration (water content) was obtained. And to both sides of aluminum foil with a thickness of 0.02mm, it applied to 
various thickness, this positive- active-material paste was dried, and the positi ve-electrode application layer of the various voidage 
according to the used concentration of a positive-active-material paste was obtained. At the last, they were rolled out so that it might 
become 0.18mm in thickness, and it judged at it, and positive-electrode board sample A-L with a width of face [ of 40mm ] and a length of 
350mm was obtained at it. In addition, although the appearance density and application thickness corresponding to voidage are written 
together in Table 1, in an actual manufacturing process, this appearance density and application thickness are more convenient for 
condition management. 

[0019] As shown in Table 2, the negative-electrode board 3 controlled manufacture conditions variously, and obtained 12 kinds of things of 
negative-electrode board sample M-Y to whi ch the voidage afte r the voida g e of an active material laye r and the application of an active 
mat erial, and dryness was ch anged. Specifically, "after gnMuTgThe corks which come to carry out the fiigh^femperature carbonizati'on'of the 
coaffirst so that a mean particle diameter may be set to 6.0 micrometers with a jet mill, they were calcinated and graphitized at 2800 
degrees C. The specific surface area of the obtained graphite powder was 5.0m2 / g. This graphite- powder 90wt% and fluororesin system 
binder 10wt% were mixed, mixture was obtained, subsequently to carboxyl methyl -cell ulo^e'l wt% so\ artiolTtKi^mixture was mSielo~~~~ * 
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suspend, and the negative-electrode active material paste of various concentration (water content) was obtained. And the negative-electrode 
appl icationJ ayer_Qf the various voida & e.accordi n gjo the concentration of the negative-electrode active materiaLpaste which a pplie d this 
negative-electrode acti ve material paste to bo t h sides of co p per fo i ^wTth a to&n es s-oft^^ us ed it for various thicknes s 

^afthem was o1?giifg^At the last, they were rolled out so that it might becom eTnffinm^ it, and negative- 

^lectrolIe*r5oa7dsample M-Y with a width of face [ of 40mm ] and a length of 42Umm waTobtarnio^at it. Also to this table 2, the 
appearance density and application thickness corresponding to voidage were written together, and the facilities of actual condition 
management were given to it. 

0020] ..^^ JufrJtL 



Table 1] 
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L 






wt96 


63 


5 7 
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44 


38 






5 0 










dm?) 


0.55 


0.47 


0.41 


0.36 


0.32 


0.38 


0.39 


0.41 


0.43 


0.44 


0.45 






vo J 96 


7 5 


7 0 


65 


6 0 


5 5 


6 5 






(s/on 3 ) 


1.2 


1.4 


1.6 


1.8 


2.0 


1.6 






Onh) 


0.16 






vo 196 






26 






3 5 


3 2 


2 9 


23 


20 


1 7 




(O/CBI 3 ) 






3.5 






12 


3.3 


14 


16 


3.7 


3.8 






% 


70 


6 4 


59 


53 


4 7 


5 6 


5 7 


5 8 


6 1 


62 


6 3 




[0021] 
[Table 2] 
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wt 96 


7 0 


6 6 


60 


55 


5C 


43 


3 5 


5 0 




(pin) 


0.39 


0.33 


0.29 


0.25 


0.Z3 


0.21 


0.19 


0.21 


0.23 


0.27 


0.29 


0.31 




vo 1 96 


75 


7 0 


6 5 


60 


55 


5 0 


4 5 


5 5 




(□/cm 1 ) 


0.6 


0.7 


0.8 


0.9 


1.0 


1.1 


1.2 


1.0 






0.17 ' 




vo 196 


45 f 


5'(0 


4 0 


3 5 


30 


25 




(a/cm 1 ) 


1.2 


1.1 


1.3 


1.4 


1.5 


1.6 




96 


5 4 


4 5 


36 


27 


1 8 


9 


0 


1 0 


2 1 


3 1 


3 7 


4 1 



\ 



[0022] Combining various the aforementioned positive-electrode board sample A-L and negative-electr ode board sample M-Y, j t 
incorporated in the cell case with winding, a diameter [ of 17mrrf ]7Wd^heighToT50mm in the shape of a whorl through the separator 
made from a porosity polypropylene film with the thickness of 0.025mm, a width of face [ of 46mm ], and a length of 900mm, and was 
filled up with the aforementioned nonaqueous electrolyte. In this way, the lithium secondary battery used combining various positive- 
electrode boards 1 and negative-electrode boards 3 by manufacture conditions was obtained. The evaluation result of the charge-and- 
discharge cycle property of the obtained lithium secondary battery is shown in drawing 2 - drawing 6 . 

[0023] The one evaluation method of a charge -and-discharge cycle property sets the initial charging current to 500mA under the 
environmental temperature of 20 degrees C. After charging for 2 hours, restricting charge upper limit voltage to 4.2V and leaving it for 30 
minutes It was made to discharge until final voltage was set to 3 V with 720mA fixed current, the service capacity after repeating this 
charge-and -discharge cycle 500 times was measured, and as shown in drawing 2 - drawing 5 , the variable of each manufacture conditions 
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was taken and plotted on the horizontal axis. 

[0024] Drawing 2 was drawing showing the relation between the voidagej)fajpositive-active-mato 

c ycle property, a ll the voidage after the application of the positive active maten irrJetoreTdlli ng and dryness consideredTT65vol(s)%7and 
*"all the negative-electrode boards put together were made into the negative-electrode board sample R. As shown in drawing 2 , in the range 
of 20 - 29vol% (positive-electrode board samples H, C, J, and K), the good charge-and-discharge cycle property was acquired for the 
voidage of a positive-active-material layer. 

[0025] Drawing 3 was drawing showing the relation betw^ejLthe^o idage after the appl icatjonof a .positixg^cti yc. material, and dryness , 
m id a charge-and-discharge cycle^ jgper&, all the voidage of the positive-active-materialTayerlifter rolling considered as 26vol(s)%, and 
1 all the negative-electrode boards put together were made into the negative-electrode board sample R. As shown in drawing 3 , in the range 
of 60 - 75vol% (positive-electrode board samples B, C, and D), the good charge-and-discharge cycle property was acquired for the voidage 
after the application of a positive active material, and dryness. 

[0026] Drawing 4 was drawing showing the relation between the voidageof a negativ e-el ectrode ac tive m ateria l layer, and a charge-and- 
discharge cycle property, all the v oidage after the a pplication of the negative-electrode active material" fie fore ro lling and dryness ™~ 
consl3e7SnrT55v^ puftogetner were mad^intb^tJiepositive-electrode ^boM'M^lc^r As^ 

^Kowrri Or^u^~4T irTthe range of 3(T^%f>v6i% (negative^elect^ 

K property was acffii reli"f6Ttlie~ voi fo TA ^ T >w ^ ^ ,-t.tx- = ^- ' -^v^^*--****^****,***** 

" T0027T ^rawing 5~ was drawing showing the relation between the voidage after tKTapplication of a negative-electrode active material, and 
dryness, and a charge-and-discharge cycle property, all the voidage of the negative-electrode active material layer after rolling considered 
as 45vol(s)%, and all the positive-electrode boards put together were made into the positive-electrode board sample C. As shown in 
drawing 5 , in the range of 50 - 65vol% (negative-electrode board samples P, Q, R, and S), the good charge-and-discharge cycle property 
was acquired for the voidage after the application of a negative-electrode active material, and dryness. About each lithium secondary 
battery by four kinds of typical combination, another evaluation method of a charge-and-discharge cycle property repeated the same 
charge-and-discharge cycle conditions as the above, measured service capacity for every cycle, and as shown in drawing 6 , it took and 
plotted the number of cycles on the horizontal axis. Specifically, it evaluated about the combination of four kinds of positive-electrode 
board sample-negative-electrode board samples, i.e., J-V, J-Y, F-V, and F-Y. As shown in drawing 6 , early service capacity is large, the 
fall of the service capacity to the increase in the number of cycles is small, namely, the thing using the big negative -electrode board sample 
V of voidage (voidage 40vol%) and the small positive-electrode board sample J of voidage (voidage 23vol%) is understood that a charge- 
and-discharge cycle property is good. Early service capacity does not have [ the thing using the desirable or large, big positive-electrode 
board sample F of voidage (voidage 35vol%) ] the small desirable fall of service capacity [ as opposed to the increase in the number of 
cycles in the thing using the small negative-electrode board sample Y of voidage (voidage 25vol%) ]. 

[0028] These things and the result of aforementioned drawing 2 and drawing 4 show that the voidage of the active material layer of a 
negative-electrode board is large, and a charge-and-discharge cycle property has a good thing with the small voidage of the active material 
layer of a positive-electrode board. Of course, if the voidage of the active material layer of a negative-electrode board becomes extremely 
large, since the filling factor of a negative-electrode active material becomes small, the electric electric conductivity in a negative -electrode 
active material will fall and the cell capacity per unit volume of a cell will fall, it is not desirable. Moreover, if the voidage of the active 
material layer of a positive-electrode board becomes extremely small, since Li mobility of ion in a positive-active-material layer will fall, it 
is not desirable. 

[0029] Moreover, it turns out that a good charge-and-discharge cycle property is acquired from the result of aforementioned drawing 3 and 
drawing 5Jbyj*olling out the suitable rate of rolling for a positive-electrode board and each negative-electrode board. LiCo02 which is not 
especially good in itself as for electric electric conductivity tKepbsifive active mateTial^KiclTnl^kes'pb'wcler a principal component — 
electric conduction material - adding - a certain grade - by performing big rolling, sufficient electric electric conductivity is given for the 
first time, and a good charge-and-discharge cycle property is acquired 
[0030] 

[Effect of the Invention] Since according to the nonaqueous electrolyte rechargeable battery of this invention it constitutes so that the 
voidage of a negative-electrode active material layer may become larger than that of a positive active material, the rate of volume of the 
electrolytic solution in a negative-electrode active material layer becomes larger than it in a positive active material, and Li mobility of ion 
in a negative -electrode active material layer becomes large from it in a positive-active -material layer. Therefore, since Li ion supplied into 
the electrolytic solution from a positive-electrode side into the negative-electrode active material layer at the time of charge is intercalated 
in a negative-electrode active material smoothly [ it is reasonable and ], it can stop that Metal Li deposits on the part of a negative 
electro de. A nd the range of the voidage of a positive- active-material laj^iFTO^^TOp/oH^ active 
"^^matenal layer is kept proper between a positive electrode and a negative electrode in the range of 30 - 45vol%, and the balance of each 
amount of active materials and the size relation of Li mobility of ion in each active material layer can obtain a nonaqueous electrolyte 
rechargeable battery with a sufficient charge-and-discharge cycle property. 

[Translation done.] 
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